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Abstract: The role of the thymus in the development and pathogenesis of acetylcholine antibody

myasthenia gravis is well documented. The ability of thymectomy to alter the course of the disease has been

debated for many years, and now finally has been proven to clearly improve patients with the publication of

the prospective randomized trial of thymectomy versus medical therapy alone. The trial definitively proves

the validity of thymectomy for non-thymomatous myasthenia gravis, the maximal thymectomy surgical

resection tested in the trial was critically chosen to address the anatomic presence of thymic tissue outside of

the confines of the defined lobes of the thymus in the neck and mediastinum. Given the clear results of the

trail, presently maximal thymectomy is the only proven valid resection in the treatment of myasthenia gravis.
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Defining maximal thymectomy

The only prospectively proven surgical procedure in
the treatment of non-Thymomatous Myasthenia Gravis
is the resection performed in an extended trans-sternal
thymectomy (Figure I). In assessing or quantitating
the defined validity of “Maximal” thymectomy in the
treatment of Non-thymomatous myasthenia gravis one
must understand the historical and surgical evolution of
thymectomy. The term Maximal thymectomy was codified
in our surgical literature in 1988 with the publication by
Dr. Jaretzki of his “maximal” thymectomy technique (1)
and results (2). In these papers he described and advocated
for a combined cervical incision and median sternotomy
for complete dissection of mediastinal and cervical tissue
in order to complete a maximal thymectomy. These
publications were preceded by a manuscript in 1977, that
described the combined cervical and sternotomy incision,
but called the procedure a “total thymectomy” (3). The
surgical strategies to achieve the resection equivalent to
the cervical and sternal approach evolved over the years,
with the goal of maintaining similar tissue resection with
evolutionary decreases in the morbidity of the incisional
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approach. The initial reports and analysis where by Masaoka
and Monden and then Moulder et 4/., who described
and published the results of the extended transsternal
thymectomy, in which the surgeon extends the cephalad
portion of the sternal incision to complete the cervical
portion of the procedure (4,5). This provided maximal
resection with a single wound and less formal dissection
of the recurrent nerves, thus avoiding excess morbidity
(6,7) and this began the evolution of decreasing incisions
without decrements on resection intent. It was this modified
Maximal thymectomy that was further standardized,
utilized and prospectively trialed and quantified in the
in the international prospective study of thymectomy in
myasthenia gravis (8).

Anatomical basis for maximal thymectomy

Designing and planning any surgical procedure begins with
a complete understanding of anatomy. The anatomy of
the thymus, as a gland with discrete lobes combined with
thymic rests and lobules distributed in the mediastinum and
cervical region has been well documented and described
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Figure 1 Maximal thymectomy specimen.

(1,9-14). These anatomical facts have been consistently
described and validated over time and multiple continents
(Figure 2). describes many of the anatomical variances
proven over time. Approaches to the resection of this
tissue may vary, but each approach should have solutions to
achieve the same maximal resection.

Proof and validity of thymectomy in myasthenia
gravis

The surgical treatment of myasthenia gravis (MG) began
in earnest in 1941, with Alfred Blalock publishing the first
series of the use of thymectomy to treat myasthenia gravis
in patients without a thymic mass or thymoma. Multiple
retrospective series followed from 1941 to 2016, but
despite the robust retrospective data, definitive proof of
the effectiveness of thymectomy remained unproven and
controversial. Consequently, the majority of neurologists
in the world and the consensus neurology guidelines did
not definitely recommend thymectomy as a component
of the initial treatment. This controversy finally ended in
2016 as the results of the prospective randomized trial of
thymectomy in myasthenia gravis definitely proved the
beneficial role of thymectomy in acetylcholine positive
MG > the study, published in 2016, was a multicenter,
prospective, randomized and rater-blinded trial designed
to evaluate the effect of thymectomy plus prednisone
versus treatment with prednisone alone on improvement
of MG symptoms, MG exacerbations, total prednisone
and alternative immunosuppression requirements, and
treatment-related complications (MGTX trial) (15).

The trial, screened over 1,000 patients and randomized
a total of 126 patients between the ages of 16 and 65 with
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Figure 2 Proven anatomy of the thymus, with documented

locations of thymic tissue (1,9-14).

AChR-positive MG, not associated with a thymoma, with
disease duration of less than 5 years. Patients Myathenias
Gravis Foundation Association (MGFA) class 11, III,
and IV were included while those with ocular symptoms
only or severe disease requiring intubation (class I and
class V, respectively) were excluded, as were those who
had undergone non-prednisone based immunotherapy
(azothriapine, rituximab). Participants were randomized
to either undergo extended transsternal thymectomy in
addition to a standardized prednisone protocol, or the
prednisone protocol alone, and were followed for three
years. Surgeons were required to adhere to a prescribed
approach and underwent mandatory training to eliminate
potential variability introduced by different thymectomy
technique (15-17).

The results from this study unequivocally prove that
a maximal or complete thymectomy improves clinical
outcomes of patients with generalized MG. Patients
who were randomized to thymectomy had significantly
improved symptoms of MG, as measured by an average
quantitative myasthenia score of 6.15 vs. 8.99, a clinically
significant difference in favor of the thymectomy group
(P>0.0001). The lower the quantitative myasthenia score,
the better the patient is symptomatically. At the same time
temporally, a significantly lower dose of prednisone (44 vs.
60 mg; P<0.001) was needed to attain the lower improved
neurologic status). Surgery added no significant morbidity
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Figure 3 Thymectomy extent classification.

as treatment-associated complications were not different
between the two treatment groups over a period of 3 years.
Patients who underwent thymectomy also had improved
time-weighted average score of daily living scale (2.24
vs. 3.41, P=0.008). Importantly patients who underwent
thymectomy had a significant higher rate of complete
pharmacologic remission with minimal-manifestation status
at month 36 (67% wvs. 47%, P=0.03). As well, hospitalizations
during the trial period for myasthenia-related symptoms
were significantly lower in the thymectomy group (9% vs.
37%) (15-17).

Importantly the results of this trial prove the efficacy of
a maximal thymectomy tissue resection, this would apply
to any surgical approach to achieve this exact resection
but does not support lesser resections. In fact, multiple
publications have directly compared maximal resections
to lesser resections, and consistently found improved
results with a more complete thymectomy (5,14,18). This
highlights the pathologic import of the thymic rests, in
both maximizing effectiveness of resection, and as well
highlighting limitations of surgical cure in myasthenia
gravis. Thus, resection techniques should be compared not
on surgical approach, but rather on resection (Figure 3).

Techniques addressing maximal thymectomy
minimally invasively

Numerous techniques are now routinely employed by
minimally invasive surgeons to address the need of maximal
thymectomy in a minimally invasive manner. These include
VATS (9) additional robotic techniques as described by
Ismail (19) to attain complete resection of both cardio-
phrenic poles, or by the Toronto (20) group to utilize
the cooper retractor and video assistance via the cervical
approach. Importantly each group address the intent of
maximal thymectomy by enhancing the dissection, rather
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Figure 4 Dissection of right pericardo-phrenic thymic complex (21).
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Figure 5 Resection of pericardial implants en-block (22).

Available online: http://www.asvide.com/article/view/26586

than degrading the procedure to attain a minimally invasive
approach at any cost. Videoclips of Columbia University
approach to some tenets of maximal resection are as follows.
Figure 4 addresses the approach the right pericardiophrenic
thymic tissue. Figure 5, addresses resection of imbedded
thymic rests in the pericardium. Figure 6 addresses tissue
lateral to the left phrenic. Figure 7 addresses complete
cervical dissection.

The new maximal thymectomy and future
directions

Present day techniques now enable a maximal thymectomy
to performed by multiple minimally invasive approaches.
These may include cervical with video assistance, vats,
rats, sub-xyphoid and variations of all with single incision.
Importantly, regardless of approach, the anatomical facts
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Figure 6 Dissection of thymic tissue lateral to the phrenic (23).
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Figure 7 Resection of the cervical fat and retro innominate
tissue (24).
Available online: http://www.asvide.com/article/view/26588

of multiple thymic lobes and thymic rests should be
considered, and minimally invasive solutions achieved.
Differing techniques and tools may be utilized and adapted
by surgeons and even modified by regional and national
preferences to incisional and cosmetic differences. As the
limits of even our rapidly expanding minimally invasive
options are belied by the physiologic and cellular immune
components of myasthenia gravis, future therapy may
integrate medical ablation, as induction or adjuvant therapy
to achieve a more immediate and sustained cure for
myasthenia gravis.

Conclusions

Maximal thymectomy is the only proven surgical therapy
to improve and alter the course of myasthenia gravis.
The absolute validity of the role of maximal thymectomy
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was finally proven by the prospective randomized trial of
thymectomy in acetylcholine positive myasthenia gravis
(MGTX trial). The surgical resection tested was based
on the diffuse anatomic presence of thymic tissue in the
mediastinum and neck, and lesser resections have never been
validated nor proven. Although the surgical approach in the
trial was by sternotomy, the surgical resection tested can
now be performed with minimally invasive approaches. The
MGTX trial results should as well highlight the continued

import of prospective randomized trials in surgery.
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